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(54) PLUG FOR OBSERVATION AND IGNITION OBSERVING SYSTEM

(57)  An observation plug 102 includes a spark plug
body 50, an objective optical system 10, and a set of light
conduction paths 16. The spark plug body 50 ignites gas
in a combustion chamber by an electric discharge in a
discharge gap 60, and has an observation hole 4 pene-
trating in an axial direction at a location dislocated from
the discharge gap 60. The objective optical system 10,
which is provided in the observation hole 4 to be exposed
into the combustion chamber, bends a course of light
received from an incident surface 10a facing toward the
discharge gap included in an observation area, and forms
an image of the observation area within the observation
hole 4. The set of light conduction paths 16 is provided
in the observation hole 4, and divides the image of the
observation area into a plurality of portions to be trans-
mitted therethrough.
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Description
TECHNICAL FIELD

[0001] The presentinvention relates to an observation
plug for observing a combustion chamber, and a spark
observation system that analyzes light introduced
through the observation plug.

BACKGROUND ART

[0002] Conventionally, there is known an observation
plug for observing a combustion chamber. For example,
Patent Document 1 discloses an ignition plug having in-
corporated therein an image capturing device that cap-
tures an image of the inside of the combustion chamber
through a visualization window. Also, Patent Document
2 discloses an in-cylinder observation device including a
visualization plug provided with a lens portion exposed
into a combustion chamber, and a camera provided to
the lens portion via a bore scope portion. The in-cylinder
observation device captures an image of the inside of
the combustion chamber with the camera arranged out-
side the internal combustion engine.

PRIOR ART DOCUMENTS
Patent Document
[0003]

Patent Document 1: Japanese Patent Application
Publication No. 1998-206286
Patent Document 2: Japanese Patent Application
Publication No. 2003-207419

DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

[0004] Inaninternal combustion engine (for example,
an automobile gasoline engine) that performs spark ig-
nition, a flame kernel is formed and grows when spark
discharge is performed, and then, the flame is propagat-
ed. The location and shape of the spark discharge influ-
ences the flame kernel. The location and shape of the
flame kernel greatly influences the flame propagation.
On the other hand, the locations and shapes of the spark
discharge and the flame kernel change from moment to
moment. Also, the locations and shapes of the spark dis-
charge and the flame kernel change whenever the elec-
tric discharge takes place. Accordingly, it is desired to
observe the locations and shapes of the spark discharge
and the flame kernel.

[0005] However, in the conventional technology of ob-
serving the combustion chamber through the spark plug,
since the combustion chamber is observed as a whole
in order to detect the states of fuel spray and combustion,
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itis difficult to grasp the locations and shapes of the spark
discharge and the flame kernel in the discharge gap. Al-
so, the flame kernel, in most cases, appears as a so-
called blue flame, and provides an insufficient amount of
light. With an image capturing device having a low quan-
tum efficiency, it may be impossible to acquire a good
signal-to-noise ratio, and it may be impossible to take an
image of the flame kernel.

[0006] The present invention is made in view of the
above-mentioned facts, and it is an object of the present
invention to make it possible to successfully observe the
locations and shapes of the spark discharge and the
flame kernel in an observation plug for observing the
combustion chamber.

MEANS FOR SOLVING THE PROBLEMS

[0007] A first aspect of the present invention is an ob-
servation plug, comprising:

a spark plug body that ignites gas in a combustion
chamber by means of an electric discharge gener-
ated in a discharge gap located in the combustion
chamber, wherein the spark plug body includes an
observation hole penetrating therethrough in an axial
direction at a location dislocated from the discharge
gap;

an objective optical system provided in the observa-
tion hole in a manner so as to be exposed into the
combustion chamber, wherein the objective optical
system bends a course of light received from an in-
cident surface facing toward the discharge gap in-
cluded in an observation area and forms an image
of the observation area within the observation hole;
and

a set of light conduction paths provided in the obser-
vation hole, wherein the set of light conduction paths
causes the image of the observation area, which is
to be formed by the objective optical system, to be
divided into a plurality of portions and transmitted
therethrough.

[0008] In accordance with a first aspect of the present
invention, when an electric discharge is generated in a
discharge gap of a spark plug body, a light emitted from
an observation area including the discharge gap is inci-
dent upon an incident surface of an objective optical sys-
tem. The objective optical system bends the course of
the incident light within the inside thereof, and forms an
image ofthe observation area inside an observation hole.
A set of light conduction paths is disposed so that an
incident end thereof locates at or in the vicinity of an im-
aging plane of the objective optical system. The set of
light conduction paths divides the image of the observa-
tion area to be formed by the objective optical system
into a plurality of portions and separately transmits them.
According to the first aspect of the present invention, light
emitted from the discharge gap is received from the in-
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cident surface facing toward the discharge gap, and the
image formed from the light received through the incident
surface is divided into a plurality of portions and sepa-
rately transmitted.

[0009] A second aspect of the present invention is an
observation plug as set forth in claim 1, wherein the spark
plug body includes a central electrode and a ground elec-
trode forming the discharge gap, in the objective optical
system, the observation area is set so as to include a
range from a tip of the ground electrode to a base end
of the central electrode.

[0010] In accordance with a second aspect of the
present invention, an observation area includes an area
from a tip end of a ground electrode to a base end of a
central electrode. The observation area is wider than the
discharge gap by at least the width of the ground elec-
trode and the protruded length of the central electrode.
[0011] A third aspect of the present invention is an ob-
servation plug as set forth in claim 1 or claim 2, wherein
the objective optical system is constituted by an polari-
zation prism, which firstly receives light from the obser-
vation area and bends a course of the incident light, and
an imaging lens that causes outgoing light of the polari-
zation prism to form an image.

[0012] In accordance with a third aspect of the present
invention, the objective optical system is constituted by
a polarization prism and an imaging lens.

[0013] A fourth aspect of the present invention is an
observation plug as set forth in any one of claims 1
through 3, wherein the set of light conduction paths is
configured so that optical paths from an incident surface
of the objective optical system to output ends of the light
conduction paths are equal to one another in length for
all of the light conduction paths.

[0014] In accordance with a fourth aspect of the
present invention, optical paths from an incident surface
of the objective optical system to output ends of light con-
duction paths are equal to one another in length for all
of the light conduction paths. Accordingly, light incident
into the objective optical system is output from the light
conduction paths in synchronization.

[0015] A fifth aspect of the present invention is an ob-
servation plug as set forth in any one of claims 1 through
4, which further comprises: an overlap prevention unit
that prevents areas from which light is taken in the ob-
servation area from overlapping each other between ad-
jacent light conduction paths in the set of light conduction
paths.

[0016] In accordance with a fifth aspect of the present
invention, areas from which light is taken in the observa-
tion area are prevented from overlapping each other be-
tween adjacent light conduction paths in the set of light
conduction paths.

[0017] A sixth aspect of the present invention is an
observation plug as set forth in any one of claims 1
through 5, wherein a plurality of the observation holes
are provided in the spark plug body at different positions
around the discharge gap in a circumferential direction,
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and the objective optical systems and the sets of light
conduction paths are respectively provided in respective
observation holes.

[0018] Inaccordance with a sixth aspect of the present
invention, the objective optical systems and the sets of
light conduction paths are respectively provided in a plu-
rality of the observation holes provided in the spark plug
body at different positions around the discharge gap in
a circumferential direction.

[0019] A seventh aspect of the present invention is an
observation plug as set forth in claim 6, wherein from
among a plurality of sets of light conduction paths pro-
vided in the respective observation holes, at least one
set of light conduction paths is different from the other
one or more sets of light conduction paths in the number
of light conduction paths.

[0020] In accordance with a seventh aspect of the
present invention, from among a plurality of sets of light
conduction paths provided in the respective observation
holes, at least one set of light conduction path is different
from the other one or more set of light conduction path
in the number of light conduction paths. The number of
light conduction paths may be made variable in accord-
ance with a direction from which the discharge gap is
observed.

[0021] A eighth aspect of the present invention is a
spark observation system, comprising: the observation
plug as set forth in any one of claims 1 through 7; and a
light analysis device that analyzes outgoing light from the
set of light conduction paths and generates image infor-
mation of the observation area.

[0022] In accordance with an eighth aspect of the
present invention, a light analysis device is provided for
the observation plug to generate image information of
the observation area.

[0023] Aninthaspectofthe presentinventionisaspark
observation system as set forth in claim 8, wherein the
light analysis device disperses the outgoing light from
the set of light conduction paths into a plurality of wave-
length components, and generates image information of
the observation area for each of the wavelength compo-
nents.

[0024] Inaccordance with a ninth aspect of the present
invention, image information of the observation area is
generated for each of the wavelength components dis-
persed from the outgoing light from the set of light con-
duction paths.

[0025] Atenthaspectofthe presentinventionisaspark
observation system as set forth in claim 8 or claim 9,
wherein the light analysis device includes an optical sen-
sor having a plurality of conversion elements arranged
on a light receiving surface that receives the outgoing
light of the set of light conduction paths, and in the optical
sensor, each conversion element receives outgoing light
of one single light conduction path.

[0026] Inaccordance with atenth aspect of the present
invention, in an optical sensor that receives an outgoing
light from a set of light conduction paths, each conversion
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element receives outgoing light of one single light con-
duction path.

[0027] A eleventh aspect of the present invention is a
spark observation system as setforthin claim 10, wherein
optical paths from output ends of respective light con-
duction paths to the corresponding conversion elements
are equal in length to one another for all of the conversion
elements of the optical sensor.

[0028] In accordance with an eleventh aspect of the
present invention, optical paths from output ends of light
conduction paths to the corresponding conversion ele-
ments are equal in length to one another for all of the
conversion elements.

[0029] A twelfth aspect of the present invention is a
spark observation system as set forth in any one of claims
8 to 11, which further comprises a light source that radi-
ates a reference light to the optical sensor.

[0030] In accordance with a twelfth aspect of the
presentinvention, alight source radiates a reference light
to an optical sensor.

EFFECTS OF THE INVENTION

[0031] Accordingtothe presentinvention, light emitted
from a discharge gap is received through an incident sur-
face of an objective optical system facing toward the dis-
charge gap. An image of an observation area is formed
by the light received through the incident surface, divided
into a plurality of portions, and transmitted by a set of
light conduction paths. Using the outgoing light from the
set of light conduction paths, the observation area is pix-
elated in a plurality of portions. Accordingly, it is possible
to acquire the image of the observation area, and thus
observe the locations and shapes of the spark discharge
and the flame kernel. Also, since the incident surface of
the objective optical system is facing toward the dis-
charge gap, it is possible to receive a large amount of
light emitted from the discharge gap. Accordingly, it is
possible to successfully observe the locations and
shapes of the spark discharge and the flame kernel.
[0032] In accordance with the second aspect of the
present invention described above, the observation area
is wider than the discharge gap by at least the width of
the ground electrode and the protruded length of a central
electrode. Accordingly, even if a flame kernel may stick
out from the discharge gap, it is possible to observe the
flame kernel.

[0033] In accordance with the fourth aspect of the
present invention described above, light incident into the
objective optical system is output from the set of light
conduction paths in synchronization. Also, since optical
path lengths are equal to one another, differences among
the light conduction paths in the attenuation rate of light
are small. Accordingly, it is possible to easily analyze the
outgoing light from the set of light conduction paths.
[0034] In accordance with the fifth aspect of the
present invention described above, in an observation ar-
ea, areas from which light is received are prevented from
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being overlapped between light conduction paths adja-
cent to each other in a set of light conduction paths. As
aresult, lightfrom the observation area otherthan a target
area s prevented from entering into each light conduction
path. Accordingly, it is possible to improve the observa-
tion accuracy.

[0035] In accordance with the sixth aspect of the
present invention described above, light emitted from a
discharge gap is received from a plurality of directions.
Accordingly, it is possible to observe the discharge gap
from a plurality of directions.

[0036] In accordance with the seventh aspect of the
present invention described above, the number of light
conduction paths included in a set of light conduction
paths can be made variable in accordance with a direc-
tion from which a discharge gap is observed. The hole
diameter of an observation hole may be made variable
in accordance with the set of light conduction paths. Ac-
cordingly, it is possible to provide a plurality of observa-
tion holes in a relatively easy manner even though the
spark plug body may be limited in space available for
providing the observation holes.

[0037] In accordance with the tenth aspect of the
present invention described above, in an optical sensor
that receives outgoing light from a set of light conduction
paths, a conversion element receives an outgoing light
from one single light conduction path. The number of the
conversion elements in the optical sensor can be reduced
to the minimum necessary. Accordingly, it is possible to
reduce the size of the optical sensor.

BRIEF DESCRIPTION OF THE DRAWINGS
[0038]

FIG. 1 is a schematic configuration diagram of a
spark observation system;

FIG. 2 is a configuration diagram of a spark obser-
vation device;

FIG. 3 is a diagram illustrating an arrangement of
light conduction paths, in an incident surface of a set
of light conduction paths;

FIG. 4 is an image of an observation area formed on
the incident surface of the set of light conduction
paths;

FIG. 5 is a front view of a connector;

FIG. 6 is a schematic configuration diagram of a light
measurement device; and

FIG. 7 is a front view of the incident surface of the
set of light conduction path in other embodiments.

BEST MODE FOR CARRYING OUT THE INVENTION

[0039] In the following, a detailed description will be
given of preferred embodiments of the present invention
with reference to drawings. It should be noted that the
following embodiments are mere examples that are es-
sentially preferable, and are not intended to limit the
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scope of the present invention, applied field thereof, or
application thereof.

[0040] A spark observation system 100 is used to ob-
serve a situation when a spark plug is ignited in a dis-
charge gap. Inthe spark observation system 100, an area
centered around the discharge gap is specified as an
observation area.

<Configuration of Spark Observation System>

[0041] The configuration of the spark observation sys-
tem 100 will be described hereinafter. The spark obser-
vation system 100 is shown in FIG. 1 as including an
observation plug 102, a light measurement device 104,
and a signal processing device 106. The observation plug
102 is provided by retrofitting a spark plug with an objec-
tive optical system 10 and a set of light conduction paths
16. The observation plug 102 is adapted to transmit light
emitted from a discharge gap 60 of a spark plug body 50
through a set of light conduction paths 16 to the outside
of the combustion chamber. The light measurement de-
vice 104 is connected with a connector 20 provided at
one end of the set of light conduction paths 16 and is
adapted to carry out photoelectric conversion of the light
transmitted through the observation plug 102 to generate
a signal indicative of the intensity of the light. The signal
processing device 106 is adapted to generate image in-
formation of the observation area based on the output
signal from the light measurement device 104. The signal
processing device 106 is connected with a monitor 108
and an operation input device 110, both of which serve
as a user interface. The light measurement device 104
and the signal processing device 106 constitute a light
analysis device that analyzes the outgoing light from the
set of light conduction paths 16 and generates image
information of the observation area. In the present em-
bodiment, the light analysis device disperses the outgo-
ing light from the set of light conduction paths 16 into a
plurality of wavelength components, and generates im-
age information of the observation area for each of the
wavelength components.

[0042] More specifically, the observation plug 102 in-
cludes the spark plug body 50, the objective optical sys-
tem 10, the set of light conduction paths 16, and the con-
nector 20 (output terminal).

[0043] The spark plug body 50 is adapted to produce
an electric discharge in a discharge gap 60 provided in
a combustion chamber when a high voltage is applied
between a central electrode 11 and a ground electrode
2, and thus ignite gas in the combustion chamber. As
shown in FIGS. 1 and 2, the spark plug body 50 includes
a central conductive body 12, a housing member 1, an
insulation member 3 (insulator), and the ground electrode
2.

[0044] The central conductive body 12 is formed in a
rod shape, and fitted into the inside of the insulation mem-
ber 3, which is in the form of a tube shape. The both ends
of the central conductive body 12 are exposed from the
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insulation member 3. The one end of the central conduc-
tive body 12 serves as the central electrode 11. The other
end of the central conductive body 12 serves as an input
terminal, to which a high voltage pulse is supplied from,
for example, an ignition coil.

[0045] The housing member 1 is constituted by a con-
ductive body in the form of a tube shape. The insulation
member 3 is fitted into the inside of the housing member
1. The housing member 1 covers a portion of the side of
the insulation member 3. The insulation member 3 is ex-
posed from the both sides of the housing member 1. The
insulation member 3 slightly protrudes from the discharge
gap side of the housing member 1. On the other hand,
almost half of the insulation member 3 protrudes from
the side opposite to the discharge gap side of the housing
member 1. The housing member 1 is formed with an ex-
ternal surface shape detachably mounted in a spark plug
mounting hole of the internal combustion engine. The
housing member 1 has one end connected with the
ground electrode 2. The ground electrode 2 is in the form
of an L shape and made of a conductive body. The ground
electrode 2 forms a discharge gap 60 with the central
electrode 11.

[0046] The housing member 1 is formed with an ob-
servation hole 4 (transparent hole) passing therethrough
in an axial direction. The observation hole 4 is provided
at a position shifted away from the discharge gap on a
tip surface of the spark plug body 50. The observation
hole 4 is provided on the opposite side of the discharge
gap with respect to the center on the tip surface of the
spark plug body 50. In the present embodiment, the ob-
servation hole 4 is constituted by an inside of a tube-
shaped member 18 fitted in the through-hole of the hous-
ing member 1.

[0047] The objective optical system 10 is fixed on the
side of the discharge gap 60 of the observation hole 4.
Also, the set of light conduction paths 16 is inserted into
the observation hole 4 from the side of the input terminal.
The set of light conduction paths 16 is fixed to the housing
member 1. In the observation hole 4, a light incident sur-
face 16a of the set of light conduction paths 16 reaches
into the vicinity of an output surface 10b of the objective
optical system 10.

[0048] The objective optical system 10 is provided in
the observation hole 4 in a manner such that the large
part thereof is exposed into the combustion chamber.
The objective optical system 10 is connected with the
housing member 1 in a manner that closes the observa-
tion hole 4 on the side of the discharge gap 60. Accord-
ingly, it is possible to prevent combustion gas from leak-
ing through the observation hole 4 to the outside. The
objective optical system 10 bends the course of light in-
cident from the incident surface 10a facing toward the
discharge gap 60 to form an image of the observation
area centered on the discharge gap 60 in the observation
hole 4. The objective optical system 10 is an optical sys-
tem having a positive power.

[0049] The objective optical system 10 is constituted
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by, for example, a polarization prism 7, which light from
the observation area is firstly incident upon, wherein the
polarization prism 7 is adapted to bend the course of the
incident light, and two imaging lenses 8, 9 that allow the
outgoing light of the polarization prism 7 to form animage.
In the objective optical system 10, the polarization prism
7 is exposed into the combustion chamber. The polari-
zation prism 7 is set so that the observation areaincludes
a range from the tip end of the ground electrode 2 to the
base end of the central electrode 11.

[0050] The objective optical system 10 includes an in-
cident surface 10a, which the light emitted from the dis-
charge gap 60 is incident upon, and an output surface
10b directed toward the set of light conduction paths 16
in the observation hole 4. The incident surface 10a is
provided on the polarization prism 7. The incident surface
10a is inclined with respect to an axis of the observation
hole 4, and facing toward the discharge gap 60. The out-
put surface 10b is provided on the imaging lens 9, which
is the rear element of the two imaging lenses 8, 9.
[0051] The set of light conduction paths 16 is provided
in the observation hole 4. The set of light conduction
paths 16 is shown in FIG. 3 as including a plurality of
independent light conduction paths 120. The set of light
conduction paths 16 is constituted by an optical cable
(for example, a bundle fiber, an image fiber, etc.) formed
by bundling a plurality of optical fibers 120. In the set of
light conduction paths 16, end surfaces (incident surfac-
es) of the respective light conduction paths 120 on the
side of the objective optical system 10 are aligned on the
same plane. The incident surface 16a of the set of light
conduction paths 16 is disposed on the imaging plane of
the objective optical system 10 facing toward the output
surface 10b of the objective optical system 10. The out-
going light of the objective optical system 10 is divided
into respective light conduction paths 120 of the set of
light conduction paths 16. The set of light conduction
paths 16 is adapted to divide the image of the observation
area to be formed by the objective optical system 10 into
a plurality of portions and transmit them separately.
[0052] FIG. 4 shows animage of the observation area,
which is to be formed on the incident end surface 16a of
the set of light conduction paths 16. The image includes
an image 903 of the insulation member, an image 911
of the central electrode, and an image 912 of the ground
electrode. A broken line in FIG. 4 indicates an outer cir-
cumference of the incident surface of each light conduc-
tion path 120. Each light conduction path 120 transmits
light of an image formed on the incident surface thereof.
The observation area in which a spark is observed is
divided into a plurality of divided areas, and each light
conduction path 120 transmits light taken from each of
the divided areas to the outside of the combustion cham-
ber. The light emitted from the observation area is intro-
duced to the light conduction paths 120 for respective
divided areas after being transmitted through the objec-
tive optical system 10.

[0053] A connector 20 is provided at an end (output
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end) of the set of light conduction paths 16 on the side
opposite to the objective optical system 10. The connec-
tor 20 is adapted to be connected with the light meas-
urement device 104. FIG. 5 shows the connector 20 seen
from the side of the light measurement device 104. In the
connector 20, the plurality of light conduction paths 120
are disposed at positions corresponding to respective
grid points of square grids.

[0054] Inthe setoflight conduction paths 16, the actual
lengths of all of the light conduction paths 120 are set so
that the optical path lengths from object points of the ob-
servation area (object points corresponding to light con-
duction paths 120) to output surfaces of the respective
light conduction paths 120 are equal to one another. This
ensures a synchronism among a plurality of items of op-
tical information acquired from the observation area.
Here, the object point of the observation area is intended
to mean a point disposed on a plane parallel to the inci-
dent surface 10a of the objective optical system 10 and
passing through the center of the discharge gap 60. The
object point of the observation area serves as a center
point of an area from which each light conduction path
120 receives light.

[0055] FIG. 6 shows an internal configuration of the
light measurement device 104. The light measurement
device 104 is connected with the set of light conduction
paths 16 through the connector 20. The light measure-
ment device 104 includes a convex lens 620 (collimator)
disposed on an optical axis of the outgoing light of the
set of light conduction paths 16, and a plurality of spec-
troscopic measurement units 610A, 610B, 610C, ...,
610N, each of which is adapted to measure the intensity
of the light of a wavelength (hereinafter, referred to as a
"selected wavelength") selected beforehand in accord-
ance with a material to be measured.

[0056] The convex lens 620 has a positive power. The
convex lens 620 causes the outgoing light of the set of
light conduction paths 16 to form images on respective
light receiving surfaces of a plurality of multianode type
photomultiplier tubes 616.

[0057] Each spectroscopic measurement unit 610 is
disposed on an optical axis of the outgoing light of the
set of light conduction paths 16 at a predetermined angle
with respect to the optical axis. Each spectroscopic
measurement unit 610 includes a dichroic mirror 612A,
612B, 612C, ..., or 612N, an interference filter 614A,
614B, 614C, ..., or 614N, and the multianode type pho-
tomultiplier tube 616A, 616B, 616C,..., or 616N. In ac-
cordance with the selected wavelength, a wavelength
characteristic is selected for the dichroic mirror 612 and
the interference filter 614 of each spectroscopic meas-
urement unit 610.

[0058] Inthe present embodiment, the selected wave-
length of each spectroscopic measurement unit 610 is a
wavelength corresponding to light emitted from chemical
species (for example, chemical species including atoms
selected from a group composed of a hydrogen atom, a
carbon atom, a nitrogen atom, and an oxygen atom pro-
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vided in the mixture gas) provided in the combustion
chamber of the internal combustion engine. The selected
wavelengths are, for example, wavelengths correspond-
ing to light emitted from an OH radical, a CH radical, a
CN radical, and a C, radical.

[0059] The selected wavelength of each spectroscopic
measurement unit 610 may be a wavelength in the RGB
(Red-Green-Blue) wavelength band, for example. In this
case, full color information can be acquired if the outputs
of all of the spectroscopic measurement units 610 are
collected and examined. Also, the selected wavelength
of each spectroscopic measurement unit 610 may be se-
lected from a wavelength band corresponding to absorp-
tion lines of water, carbon dioxide, and the like. Also, the
selected wavelength may be selected from a wavelength
band corresponding to excitation lights of materials con-
stituting the spark plug. Furthermore, the selected wave-
length may be selected from a wavelength band corre-
sponding to light of black-body radiation.

[0060] Each dichroic mirror 612 is adapted to exclu-
sively reflect a light component of a predetermined band
including the selected wavelength of the spectroscopic
measurement unit 610. On the other hand, each dichroic
mirror 612 is adapted to transmit light components out-
side the predetermined band to be reflected.

[0061] Each interference filter 614 is disposed on the
optical axis of the light reflected from the dichroic mirror
612. Each interference filter 614 is adapted to transmit
the light components of the selected wavelength of the
spectroscopic measurement unit 610.

[0062] The multianode type photomultiplier tube 616
constitutes an optical sensor as having a plurality of con-
version elements arranged on a light receiving surface
that receives the outgoing light of the set of light conduc-
tion paths 16. The multianode type photomultiplier tube
616 is disposed on the optical axis of the light reflected
from the dichroic mirror 612. The multianode type pho-
tomultiplier tube 616 is disposed on the other side of the
dichroic mirror 612 with respect to the interference filter
614 intervening therebetween. In the multianode type
photomultiplier tube 616 shown in FIG. 5, conversion el-
ements that convert light into electric signals are ar-
ranged in the form of a square matrix shape. In the multi-
anode type photomultiplier tube 616, each conversion
element receives outgoing light of one single light con-
duction path 120. In the multianode type photomultiplier
tube 616, optical paths from the output ends of the re-
spective light conduction paths 120 to the corresponding
conversion elements are made equal in length for all of
the conversion elements.

[0063] As shown in FIG. 1, the signal processing de-
vice 106 is constituted by general computer hardware
provided with an interface for receiving and transmitting
signals with the light measurement device 104, the mon-
itor 108, and the operation input device 110, and pro-
grams and data operating on the hardware. The opera-
tions and functions of the computer itself are publicly
known and therefore, the description thereof is omitted
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here.

[0064] The signal processing device 106 is adapted to
carry out processing and recording of the output signal
from the light measurement device 104, and output the
resultthereofto a user. The signal processing device 106
is adapted to generate and output the image information
of the observation area for the selected wavelengths us-
ing the output signals from all of the multianode type pho-
tomultiplier tubes 616.

<Operation of the spark observation system>

[0065] The observation operation for the spark obser-
vation system 100 that observes the observation area
will be described below.

[0066] When an electric discharge takes place in the
discharge gap, firstly, a flame kernel is formed. As the
flame kernel grows, the combustion expands from the
surrounding area toward the outside. This means that
the flame propagates toward the outside. The observa-
tion operationis carried out so as to observe the locations
and shapes of the spark discharge and the flame kernel.
[0067] Light emitted from the observation area is in-
cident upon the objective optical system 10. An image of
the observation area is formed on the imaging plane of
the objective optical system 10, i.e., the incident surface
16a of the set of light conduction paths 16. The set of
light conduction paths 16 divides the light received from
the incident surface 16a into a plurality of portions and
separately transmits them into the plurality of light con-
duction paths 120. The outgoing light of the set of the
light conduction paths 16 is taken into the light measure-
ment device 104.

[0068] In the light measurement device 104, the inci-
dent light firstly passes through the convex lens 620.
Then, in each spectroscopic measurement unit 610, the
dichroic mirror 612 reflects a light component having the
selected wavelength. The light passing through the con-
vex lens 620 is dispersed by the plurality of dichroic mir-
rors 612 for respective selected wavelengths. The light
reflected from the dichroic mirror 612 passes through the
interference filter 614 and reaches the multianode type
photomultiplier tube 616. Upon receiving the light, the
multianode type photomultiplier tube 616 sequentially
converts the light components into electric signals to be
outputted therefrom.

[0069] Here, the photomultiplier tube is fast in time re-
sponse as a photoelectric conversion element. There-
fore, it is possible to perform measurement at high time
resolution. In the photomultiplier tube, photoelectric con-
version is successfully performed following a short-time
change of phenomena such as a spark discharge, a for-
mation of flame kernel, and a propagation of the flame
that occur in the observation area. Also, the photomulti-
plier tube is high in quantum efficiency. Accordingly, it is
possible to perform measurement with high sensitivity.
The photomultiplier tube can successfully perform pho-
toelectric conversion of light emitting phenomena even
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with a small amount of light.

[0070] In the connector 20, as shown in FIG. 5, the
output surfaces of the respective light conduction paths
120 are arranged on grid points of the square grids. On
the other hand, in each multianode type photomultiplier
tube 616, conversion elements are disposed in the form
of a square matrix shape. In each multianode type pho-
tomultiplier tube 616, a distance between grid points is
set so that the light conduction path 120 and the conver-
sion element correspond to each other with one to one
relationship. As a result thereof, in each multianode type
photomultiplier tube 616, one conversion element re-
ceives light from one divided area (see FIG. 4) of the
observation area. The output signal from each conver-
sion element of the multianode type photomultiplier tube
616 includes information of light emitted from one single
divided area, and information of the intensity of the light
component of the selected wavelength of the spectro-
scopic measurement unit which the multianode type pho-
tomultiplier tube 616 belongs to.

[0071] Subsequently, the signal processing device
106 generates image information of the observation area
forrespective selected wavelengths, using the output sig-
nals of all of the multianode type photomultiplier tubes
616. The image information generated by the signal
processing device 106 is displayed on the monitor 108.
In the image on the monitor 108, the intensity of light in
each divided area is displayed with, for example, a tone
of color. Viewing this image, it is possible to recognize
which kind of chemical species is dominant in the flame
kernel, as well as to recognize the location and shape of
the flame kernel, forexample. If the selected wavelengths
correspond to RGB wavelengths, a color image is output.
[0072] In a case in which the shape of arrangement of
the conversion elements in the multianode type photom-
ultiplier tube 616 is different from that of arrangement of
the light conduction paths 120 in the set of light conduc-
tion paths 16, it is possible to constitute the image of the
observation area by coordinate conversion or data rea-
lignment if the information of the shape of arrangement
of the light conduction paths 120 of the set of light con-
duction paths 16 is retained in advance.

<Effect of the Embodiment>

[0073] Inthe above-described embodiment, light emit-
ted from the discharge gap 60 is received from the inci-
dent surface 10a of the objective optical system 10 facing
toward the discharge gap 60, and the light received from
the incident surface 10a forms an image of the observa-
tion area. The image of the observation area is divided
into a plurality of portions and transmitted through the set
of light conduction paths 16. Using the outgoing light of
the set of the light conduction paths 16, the observation
area is pixelated in a plurality of portions, and thus, the
image of the observation area can be acquired. Accord-
ingly, it is possible to observe the locations and shapes
of the spark discharge and the flame kernel. Also, since
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the incident surface 10a of the objective optical system
10 is disposed facing toward the discharge gap 60, it is
possible to take a large amount of light emitted from the
discharge gap 60. Accordingly, it is possible to success-
fully observe the locations and shapes of the spark dis-
charge and the flame kernel.

[0074] Also, in the above-described embodiment, the
observation area is wider than the discharge gap 60 by
at least the width of the ground electrode 2 and the pro-
truded length of the central electrode 11. Accordingly,
even if the flame kernel may stick out from the discharge
gap 60, it is possible to observe the flame kernel.
[0075] Furthermore, in the above-described embodi-
ment, in the multianode type photomultiplier tube 616
that receives the outgoing light of the set of light conduc-
tion paths 16, each conversion element receives an out-
going light from one light conduction path 120. The
number of the conversion elements in the multianode
type photomultiplier tube 616 can be reduced to the min-
imum necessary. Accordingly, itis possible to reduce the
size of the photomultiplier tubes 616.

[0076] Also, in the above-described embodiment, flex-
ible optical fibers are used as the light conduction paths
120 from the observation area to the light measurement
device 104. As a result, the light conduction paths 120
are resistant to damage caused by vibration of the inter-
nal combustion engine.

[0077] Furthermore, in the above-described embodi-
ment, on the output surface of the set of light conduction
paths 16, the light conduction paths 120 are arranged in
conformity with the arrangement of the conversion ele-
ments of the multianode type photomultiplier tube 616.
Accordingly, since the conversion elements are located
at positions corresponding to the positions where the re-
spective light conduction paths 120 receive light from the
observation area, it is possible to easily generate image
information of the observation area.

<Other Embodiments>

[0078] The above-described embodiment can also be
configured as follows.

[0079] Inthe above-described embodiment, the set of
light conduction paths 16 may be configured so that the
optical paths from the incident surface 10a of the objec-
tive optical system 10 to the output ends of the light con-
duction paths 120 are equal in length for all of the light
conduction paths 120. In this case, light incident into the
objective optical system 10 is output from the set of light
conduction paths 16 in synchronization. Since the optical
paths are equal in length to one another, differences in
the attenuation rate of light among the light conduction
paths 120 are small. Accordingly, it is possible to easily
analyze the outgoing light of the set of light conduction
paths 16.

[0080] Also, in the above-described embodiment, it is
possible to provide an overlap prevention unit that pre-
vents areas from which light is taken in the observation
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area from overlapping each other between adjacent light
conduction paths 120 in the set of light conduction paths
16. As shown in FIG. 7, the overlap prevention unit is
constituted by a plurality of linear members 121 provided
among the light conduction paths 120. The overlap pre-
vention unit serves to have adjacent light conduction
paths 120 spaced apart from one another in the set of
light conduction paths 16 so as to keep the adjacent light
conduction paths 120 spaced apart from each other at a
constantdistance. In this manner, itis possible to prevent
light from the observation area other than the corre-
sponding target area from entering into each light con-
duction path 120. Accordingly, it is possible to improve
the observation accuracy.

[0081] Also, in the spark plug body 50 of the above-
mentioned embodiment, a plurality of observation holes
4 may be provided around the discharge gap 60 at posi-
tions different from one another in the circumferential di-
rection, and objective optical systems 10 and sets of light
conduction paths 16 may be provided in the respective
observation holes 4. In this case, light measurement de-
vices 104 are connected with respective sets of light con-
duction paths 16, and the output signals of all of the light
measurement devices 104 are processed by the signal
processing device 106. In this manner, light emitted from
the discharge gap 60 is received from a plurality of direc-
tions, thereby making it possible to observe the discharge
gap 60 from the plurality of directions. In this configura-
tion, from among a plurality of sets of light conduction
paths 16 provided in the respective observation holes 4,
the number of light conduction paths 120 may vary from
one set of light conduction paths 16 to another. In this
manner, the number of light conduction paths 120 includ-
ed in the set of light conduction paths 16 may be made
variable in accordance with a direction from which the
discharge gap 60 is observed. The hole diameter of the
observation hole 4 may be made variable in accordance
with the set of light conduction paths 16. Accordingly, it
is possible to provide a plurality of observation holes 4
in a relatively easy manner even though the spark plug
body 50 may be limited in space available for providing
the observation holes 4.

[0082] Also, in the above-mentioned embodiment, a
light source that radiates a reference light to the multian-
ode type photomultiplier tube 616 serving as the optical
sensor may be provided.

[0083] Also, inthe above-mentioned embodiment, the
light measurement device 104 separates wavelengths
by a filter bank method. The wavelengths may be sepa-
rated using an optical device such as, a diffraction grat-
ing, a prism, or the like, that polarizes light in accordance
with a wavelength. In this case, in the connector 20, out-
put end surfaces of respective light conduction paths 120
are aligned on aline perpendicular to a polarization plane
of the optical device for polarization. Also, as the multi-
anode type photomultiplier tube, an array type is select-
ed, and elements thereof are aligned on a line perpen-
dicular to a polarization plane of the optical device for
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polarization. In addition, there are various methods of
wavelength separation, any one of which may be select-
ed as appropriate.

[0084] Also, in the above-mentioned embodiment,
each light conduction path 120 has a portion inserted into
the observation hole 4. The inserted portion may be
formed by a hollow tube. In this case, a rod lens or a
refractive index distribution lens may be inserted into the
hollow tube.

[0085] Also, in the above-described embodiment, the
light analysis device constituted by the light measure-
ment device 104 and the signal processing device 106
may generate image information of the observation area
from the outgoing light of the set of light conduction paths
16 as is without separating it for respective wavelengths
thereof.

[0086] Also, in the above-described embodiment, the
light measurement device 104 may separately amplify
and output the output signals of the multianode type pho-
tomultiplier tubes 616.

[0087] Furthermore, in the above-described embodi-
ment, light conduction paths 120 may be respectively
constituted by a plurality of optical fibers (for example, a
bundle fiber, an imaging fiber, etc.).

Industrial Applicability

[0088] Asdescribedintheabove,the presentinvention
is useful for an observation plug that allows observation
of a combustion chamber, and a spark observation sys-

tem that analyzes light taken from the observation plug.

EXPLANATION OF REFERENCE NUMERALS

[0089]

1 housing member
2 ground electrode
3 insulation member
4 observation hole
11 central electrode

12 central conductive body
16 set of light conduction paths

100 spark observation system
102  observation plug

104  light measurement device
106  signal processing device
120  light conduction path
Claims

1. An observation plug, comprising:

a spark plug body that ignites gas in a combus-
tion chamber by means of an electric discharge
generated in adischarge gap located in the com-
bustion chamber, wherein the spark plug body
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includes an observation hole penetrating there-
through in an axial direction at a location dislo-
cated from the discharge gap;

an objective optical system provided in the ob-
servation hole in a manner so as to be exposed
into the combustion chamber, wherein the ob-
jective optical system bends a course of light
received from an incident surface facing toward
the discharge gap included in an observation
area and forms animage of the observation area
within the observation hole; and

a set of light conduction paths provided in the
observation hole, wherein the set of light con-
duction paths causes the image of the observa-
tion area, which is to be formed by the objective
optical system, to be divided into a plurality of
portions and transmitted therethrough.

An observation plug as set forth in claim 1, wherein
the spark plug body includes a central electrode and
a ground electrode forming the discharge gap,

in the objective optical system, the observation area
is set so as to include a range from a tip of the ground
electrode to a base end of the central electrode.

An observation plug as set forth in claim 1 or claim
2, wherein

the objective optical system is constituted by an po-
larization prism, which firstly receives light from the
observation area and bends a course of the incident
light, and an imaging lens that causes outgoing light
of the polarization prism to form an image.

An observation plug as set forth in any one of claims
1 through 3, wherein

the set of light conduction paths is configured so that
optical paths from anincident surface of the objective
optical system to output ends of the light conduction
paths are equal to one another in length for all of the
light conduction paths.

An observation plug as set forth in any one of claims
1 through 4, which further comprises:

an overlap prevention unit that prevents areas
from which light is taken in the observation area
from overlapping each other between adjacent
light conduction paths in the set of light conduc-
tion paths.

An observation plug as set forth in any one of claims
1. through 5, wherein

a plurality of the observation holes are provided in
the spark plug body at different positions around the
discharge gap in a circumferential direction, and
the objective optical systems and the sets of light
conduction paths are respectively provided in re-
spective observation holes.
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10

7.

10.

11.

12.

An observation plug as set forth in claim 6, wherein
from among a plurality of sets of light conduction
paths provided in the respective observation holes,
at least one set of light conduction paths is different
from the other one or more sets of light conduction
paths in the number of light conduction paths.

A spark observation system, comprising:

the observation plug as set forth in any one of
claims 1 through 7; and

a light analysis device that analyzes outgoing
light from the set of light conduction paths and
generates image information of the observation
area.

A spark observation system as set forth in claim 8,
wherein

the light analysis device disperses the outgoing light
from the set of light conduction paths into a plurality
of wavelength components, and generates image in-
formation of the observation area for each of the
wavelength components.

A spark observation system as set forth in claim 8
or claim 9, wherein

the light analysis device includes an optical sensor
having a plurality of conversion elements arranged
onallightreceiving surface thatreceives the outgoing
light of the set of light conduction paths, and

in the optical sensor, each conversion element re-
ceives outgoing light of one single light conduction
path.

A spark observation system as set forth in claim 10,
wherein

optical paths from output ends of respective light
conduction paths to the corresponding conversion
elements are equal in length to one another for all
of the conversion elements of the optical sensor.

A spark observation system as set forth in any one
of claims 8 to 11,

which further comprises a light source that radiates
a reference light to the optical sensor.



EP 2 485 033 A1

Fig. 1

100

104

16 16 g

r— Light
Measurement

-g Device

20

T

y
Signal
Processing f——r 106
Device

Observation 3

—
€
NJ\

Area

Fig. 2

102

12—

e e e

[ ]
— 1 -4
50— | q
1 18
16
10b
16a ™
9
10
10a

11



EP 2 485 033 A1

Fig. 3

16

Fig. 4

12



EP 2 485 033 A1

COO000O
OO0000O
OCOO0000

O000

I~ ~
616A 616C
5614A 610A 5614() 610G - - -
612A 6126

‘%ﬁ N BN

20 6128 612N
;6145 610B S ;614N 10N

6168 QGN

J |
800

v

13



EP 2 485 033 A1

Fig. 7

— 120

(o
=~ 8

- 0.
9.0,
7w

- 121

14



EP 2 485 033 A1

INTERNATIONAL SEARCH REPORT International application No.

PCT/JP2010/067187

A. CLASSIFICATION OF SUBJECT MATTER
G01M15/02(2006.01)1, FO02P17/12(2006.01)1,
(2006.01) 1

G01J1/02(2006.01)1i, H01T13/48

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

G01M15/02, FO2P17/12, G01J1/02, HO1T13/48

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Jitsuyo Shinan Koho 1922-1996
Kokai Jitsuyo Shinan Koho 1971-2010

Jitsuyo Shinan Toroku Koho
Toroku Jitsuyo Shinan Koho

1996-2010
1994-2010

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to ¢laim No.

Y JP 55-047428 A
03 April 1980 (03.04.1980),
entire text; all drawings

(Family: none)

JP 2001-147157 A
29 May 2001 (29.05.2001),
entire text; all drawings
& US 6649924 B1
& AT 3845 U

(A.V.L.

JP 06-167240 A
14 June 1994 (14.06.1994),
entire text; all drawings
(Family: none)

(Nissan Motor Co.,

List GmbH),

& DE 10041666 A

(Mitsubishi Electric Corp.),

Ltd.), 1-12

Further documents are listed in the continuation of Box C.

|:| See patent family annex.

* Special categories of cited documents:

“A”  document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L”  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“0”  document referring to an oral disclosure, use, exhibition or other means

“P”  document published prior to the international filing date but later than

the priority date claimed

“T”  later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

the principle or theory underlying the invention

“X”  document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&”  document member of the same patent family

Date of the actual completion of the international search
12 November, 2010 (12.11.10)

Date of mailing of the international search report
22 November, 2010 (22.11.10)

Name and mailing address of the ISA/
Japanese Patent Office

Facsimile No.

Authorized officer

Telephone No.

Form PCT/ISA/210 (second sheet) (July 2009)

15




EP 2 485 033 A1

INTERNATIONAL SEARCH REPORT International application No.
PCT/JP2010/067187

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A JP 2003-515736 A (FKFS Forschungsinstitut fuer 1-12
Kraftfahrwesen und Fahrzeugmotoren),

07 May 2003 (07.05.2003),

entire text; all drawings

& US 6882418 B1 & EP 1238254 A
& WO 2001/040753 Al

A US 6487899 Bl (Wahl et al.), 1-12
03 December 2002 (03.12.2002),

entire text; all drawings

& GB 2347211 A & DE 19901795 A

A JP 10-206286 A (Nippon Soken, Inc. et al.), 1-12
07 August 1998 (07.08.1998),
entire text; all drawings
(Family: none)

Form PCT/ISA/210 (continuation of second sheet) (July 2009)

16



EP 2 485 033 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European

patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

* JP 10206286 A [0003] » JP 2003207419 A [0003]

17



	bibliography
	description
	claims
	drawings
	search report

